In general, existing lexical tests carried out in speech therapy clinics deal with the ability to recognise written words and to name pictures of objects. Such tests assess abilities which are distinct from those required in spontaneous conversation and therefore cannot predict on their own what a patient is capable of in a communicative context. This paper aims to devise a method of statistically assessing an individual patient's lexical ability in spontaneous conversation so as to provide an instrument which will be of use to speech therapists in a clinical situation and which may suggest ways of tackling lexical deficit.
Introduction
The assessment and therapy of language disordered patients has been an important topic in clinical research for some three decades. Speech and language disorders often result as a direct consequence of strokes, tumours, brain injuries and neurogenic diseases and disorders. Language disorders are distinct from speech disorders which involve disturbances to the physical characteristics of speech and are diagnosed and treated differently. The most commonly occurring form of language disorder is known as 'aphasia', which can result from impairment of the lexical, phonological, semantic and syntactic components of language, the severity of which depends on the extent and location of the lesion in the damaged brain. Language disorders often co-exist with speech disorders such as dysarthria and dyspraxia which result from damage to the muscular control of the speech mechanism and impairment of the phonological system.
Aphasia is a complex disorder and most of the taxonomic approaches proposed by researchers over the years have been inconsistent and subjective. The two most common approaches are 'classical' (patients categorised as Global, Broca's, Isolation, Transcortical Motor, Wernicke's, Transcortical Sensory, Conduction and Anomic), where classification is based on the localisation of lesions in the brain, and 'fluent-non-fluent' dichotomy where patients are categorised as fluent or non-fluent depending on their free speech evaluation. The two schemes are not altogether unrelated; the classical scheme recognises that fluent disorders are a result of posterior brain damage and non-fluent disorders result from anterior brain damage. In recent years, however, the classical scheme has been severely criticised for its ambiguity and its inability to explain all experimental observations. The fluent-non-fluent method of classification is more useful for therapy but unfortunately the speech characteristics which classify patients are heavily dependent upon physical characteristics of speech such as speech-rate, speech-tempo and melody, instead of taking into account linguistic features. Linguistic criteria for classifying patients as fluent or non-fluent is urgently needed (Wagenaar, Prins and Snow, 1975) .
Agrammatism in speech is the most common symptom across most of the aphasic categories. Agrammatic speech is composed chiefly of open-class lexical items (nouns, verbs, adjectives) with most of the closed-class lexical items (pronouns, prepositions, articles) being either incorrectly substituted or omitted (Berndt and Caramazza, 1980) . Agrammatic speakers have a severely reduced vocabulary, experience serious word-finding difficulties and have particular difficulties with certain grammatical structures. Their sentences are short and broken, and are filled with redundant stereotyped phrases. Most of the spoken sentences are left unfinished and the speech is often referred to as 'telegrammatic'.
Agrammatic speech is laboured, telegraphic, slow and poor in both grammar and lexical richness (Albert et al., 1981) . Patients also exhibit automatisms (' you know', ' to be honest', etc.) and perseverances (' I-I-I-I-I went there'). The inability to converse in their social environment is the most severe handicap of aphasic patients and they are often embarrassed, subdued and frustrated by their inability to participate in a conversation. The foremost goal of any therapeutic rehabilitation programme should undoubtedly be to enable patients to enhance their communicative skills.
Stylometric analysis of conversational speech
The process of aphasia management consists of three stages: assessment, prognosis and therapy. Prognosis and therapy depend heavily on the assessment tools employed and on both the patient's and therapist's treatment goals. At present, several extensive aphasia test batteries are used in clinics all over the world to evaluate patients' verbal and non-verbal behaviour. These test batteries assess performance on language tasks, taking at the most between one and two hours to complete. The results assist in determining the severity and kind of disorder and the information derived is used for prognosis. Language deficiencies, as evident through poor scores on certain sections of the test, guide further therapy.
It has been observed in general that most patients with language disorders perform well under a constrained environment, especially with structured tasks, but fail to communicate effectively in their social environment. This problem is largely undetected by the conventional test batteries which do not directly assess conversational skills, thereby failing to support this important aspect when planning for therapy. The only free-speech task which is widely used as a part of the conventional assessment is picture-description, for example the patients are usually asked to describe the cookie-theft picture, or describe the Cinderella story (Goodglass and Kaplan, 1983) . It has been, however, pointed out by many researchers that there are several important differences between picture description and a conversational task and that the results on one cannot be generalised to the other (Albert et al., 1981; Goodglass and Kaplan, 1983; Wagenaar, Prins and Snow, 1975) . The assessment of conversational skills is, therefore, an important though neglected area of aphasia research. There is growing support for the argument that conversational skills must be assessed. Albert et al. (1981) have advised that: ' The important point to be made here is that conversation and narrative must be used as an indispensable part of the Stylometric analysis of conversational speech dysphasia examination'. Such an assessment will be valuable for quantifying recovery in aphasic patients, helping their prognosis and therapy and for establishing the fluent-non-fluent dichotomy using linguistic measures. This paper looks at the problem of the quantification of the conversational speech of aphasic patients on the basis of linguistic measures, and proposes an 'index of performance' which may be used by clinicians as part of assessment and therapy.
Data Collection
Conversational speech from a total of 100 subjects was recorded; seventy of these were patients of whom 66 had suffered a cerebro-vascular accident and four had tumours or head injuries. All patients were agrammatic Broca's aphasics exhibiting typical behavioural symptoms. Two sets of 15 'normal' (unimpaired) adults were also recorded for control purposes. The first set (type-I) came from a relatively high educational background with university degrees or equivalent and were either working in, or had retired from, professional occupations. The second set (type-II) was comprised of people who had finished their education at secondary school level and were currently working as cleaners, porters, store-keepers or cooks. The overall composition of the participating subjects is shown in Table 1 .
Almost all patients were recorded at least one year after their stroke/accident and only a few were still receiving therapy at the time of recording. Each patient was recorded in private and, although they differed in the severity of their aphasia, they were able to engage in a conversation of the required length despite experiencing amnestic difficulties. The patients were asked simple questions about their family, career, hobbies and day-to-day activities with minimal interruption from the interviewer. Patients with severe word-finding problems, for which the symptoms are forgetting dates, names, etc., were not forced to recall them and the conversation was gently steered towards an easier topic. No recording lasted more than thirty minutes, the recording of normal controls taking less time than that of patients.
The raw data in the form of speech recordings was then transformed into transcripts for lexical analysis. The words of the interviewer were erased, interjections were ignored and a few unintelligible utterances had to be omitted. Special care was taken while transcribing words such as 'I have' and ' I've', 'you have' and ' you've'.
The decision to transcribe such utterances as single or separate words depended on two features: prosodic rhythm and phonological boundaries between words. If there was no break in the prosodic rhythm and the phonological boundary was inseparable, then the utterance was transcribed as a single word. Unfinished single utterances for words which were not neologisms but incomplete sound structures as a result of the speech musculature, were not transcribed, e.g. ' I wen wen wen went to the market' was transcribed as ' I went to the market'.
Each transcription consisted of at least 1000 words for both patients and normal controls, most ranging from 1000 words to 1300 words. This amount of text length was chosen in order to achieve a good sample of linguistic behaviour. Andreason and Pfohl (1976) note that while studying spontaneous speech, one should:
'increase the word sample to at least 500 words per patient and possibly 1000
words. Most of the content analysis dictionaries consist of 20 to 30 words, and a 400 word sample is probably not long enough to assess the use of this relatively small number of words.'
Each transcription was stored as a tagged file in the UWE mainframe computer and these files were then fed individually into the Oxford Concordance
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Program, producing an output file for each subject consisting of word-frequency distributions and word listings, from which nouns, pronouns, adjectives and verbs were manually tagged. Biographical records for each subject contained their name, age, sex, hand used, date of recording and in the case of patients, the date and cause of their stroke.
Linguistic Measures
Since this study is primarily concerned with language evaluation in aphasia it will refrain from evaluating physical characteristics of speech such as speech tempo, melody, etc. It was tempting, at first, to borrow the majority of the linguistic measures from stylometric studies of written manuscripts (see Holmes, 1994 ) but these would generally be inappropriate in the present context. Speech and writing are two different facets of language practice. In the former, utterances tend to be shorter, conjunctions more common, and a small class of words appear excessively such as 'yes', 'no', 'well', etc. Wepman and Jones (1966) point out that ' . . . the normal expectancy of the three parts-of-speech categories taken from written manuscripts is of a nature quite unlike that of either the aphasic or the normal speaker.'
We decided to borrow only two measures from the field of stylometry and settled on using the eight measures of linguistic ability now described:
(i) Noun rate per 100 words.
Here, there was no distinction between the different categories of nouns.
(ii) Pronoun rate per 100 words.
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Pronouns have been used for characterizing spontaneous speech by a variety of researchers including Wepman and Jones (1966) and Andreason and Pfohl (1976) .
Pronouns are used more frequently in agrammatic speech than normal speech, often at the expense of nouns.
(iii) Adjective rate per 100 words.
Agrammatic speakers are substantially deficient in their usage of adjectives compared to normal speakers, since patients may avoid using them without affecting their sentence construction capabilities.
(iv) Verb rate per 100 words.
Verbs have always been at the centre of attraction in linguistic studies on agrammatism since it has been thought that verbs are restricted in agrammatic free speech and are used in a different way to normal speech (Saffran, Schwartz and Marin, 1980) . Adverbs were not measured due to their virtual absence in the agrammatic transcriptions.
(v) Type-Token ratio (TTR).
This is the ratio of the number of different words to the total text length. It is strongly correlated with text length, hence it is important to use transcriptions of similar size, as we have done in this study. The ratio may be obtained directly from the OCP output.
(vi) 'Clause-Like Semantic Unit' (CSU) rate per 100 words.
It is important to quantify the subject's ability to cluster words together. Goodglass, Quadfasel and Timberlake (1964) have confirmed that this ability is an indicator of the severity of aphasia. A CSU may be defined as a string of words which are grammatically connected in a meaningful form, and we use the term 'clause-like' since in agrammatic speech a number of clauses are left unfinished. To identify a
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CSU we adopted some thirteen working rules and an example of how a segment of transcript may be divided into CSU's, is now shown, in which the symbol ' | ' is used as a CSU delineator:
' I went to the market where I met my friend | but I didn't recognise him at first | I was hungry | and we had the money | so we went to a restaurant'.
Most speakers used 4 to 7 words in a CSU. The actual measure used, CSU rate per 100 words, shows the ability to cluster words together and speakers recording a high score on this scale, implying shorter CSUs, can be regarded as having greater difficulty in this respect than speakers with low scores.
This index, devised by Brunet (1978) and used successfully by Holmes and Forsyth (1995) , is a measure of vocabulary richness which is insensitive to text length. It is defined as: If V 1 denotes the number of hapax legomena recorded, then Honoré (1979) defined his statistic as:
As a measure of vocabulary richness which has the virtue of being insensitive to text length, it has been used in stylometric studies by Holmes (1992) and Holmes and These eight variables, chosen for their reliability and effectiveness in quantifying the severity of agrammatism in conversation, were accordingly computed from the transcripts and OCP printouts of all 100 subjects.
Multivariate Analysis

Principal Components Analysis
The standard deviations of the distributions of the 8 variables for all 100 subjects ranged from 0.039 (TTR) to 218.7 (R). Several were highly correlated, for example the correlation coefficient between P-rate and V-rate was 0.795, and some correlations were negative. It was therefore decided that it would be appropriate to conduct a principal components analysis (PCA) on the (100 x 8) data matrix after the variables had been standardised. This is equivalent to conducting a PCA on the correlation matrix directly.
PCA is a technique which aims to transform the observed variables to a new set of variables which are uncorrelated and arranged in decreasing order of importance. The aim, here, is to reduce the dimensionality of the problem and it is hoped that the first few of these new variables (components) will account for most of the variation present in the original data. Figure 1 shows the 100 subjects plotted in the space of the first two principal components, which together account for 67.0% of the total variation present in the data. It is apparent that normals of type-I (B) and normals of type-II (C) cluster closely together, sometimes being indistinguishable, whilst patients (A) exhibit wide If we perform a PCA on patients only then we obtain the plot shown in Figure   2 , which accounts for 64.0% of the total variation present in the 'patients-only' data.
The outlier on the extreme left may be identified as Ray, who has a large negative PC1 score due to an exceptionally low N-rate (6.51) and TTR (0.15) and an exceptionally high P-rate (29.92) and W index (20.22). Two patients appear as outliers along the PC2 axis, which contrasts P-rate, A-rate, V-rate and TTR against W. These patients have high W values and usually low values for the four other variables.
Discriminant Analysis
The principal components plots have shown, on the basis of the eight linguistic measures employed, the existence of a clustering pattern amongst the 100 subjects with normals of both type-I and type-II being, in the main, indistinguishable and relatively tightly grouped compared with the patients. To investigate this further we now turn to the technique of discriminant analysis and, initially, to the two groups of normals, each of size 15. A discriminant analysis conducted on these two normal groups fails to reject the null hypothesis that, in the populations from which the samples are drawn, there is no difference between the group means (p = 0.0724 for χ 2 = 14.38 and ν = 8). Figure 3 shows the plot of the discriminant function scores for the groups in which four symbols (either 1's or 2's) represent one normal subject. We can clearly see the amount of overlap between the two groups.
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Following this result, it was decided to combine both types of normals into one group and conduct a second discriminant analysis on this enhanced group of size 30 and the group of patients (size 70). This time we can clearly reject the null hypothesis of no difference between group means (p = 0.000 for χ 2 = 81.40 and ν = 8). The percentage of cases correctly classified is often taken as an index of effectiveness of the discriminant function and Table 3 gives the classification matrix for this analysis.
A test for the discriminating power of the classification matrix when compared to chance is Press's Q statistic. This measure compares the number of correct classifications with the total sample size and the number of groups and the value obtained is then compared to a critical χ 2 value with ν = 1. If it exceeds this critical value, then the classification matrix can be deemed statistically better than chance.
The Q statistic is defined by Q =
where N = total sample size, n = number of observations correctly classified and K = number of groups.
Here, Q =[100 -(88x2)] 2 / 100 (2 -1) = 57.76
The critical value at a significance level of 0.01 is 6.63, hence the classification accuracy for this analysis significantly exceeds the classification accuracy expected by chance.
We now need to examine the relative contributions of the eight variables to the discriminant function. Table 4 gives the discriminant loadings for the analysis, which reflect the variance that the independent variables share with the discriminant Stylometric analysis of conversational speech function. We can see that the most important variables in terms of their discriminating power between normal and agrammatic subjects are C-rate, A-rate, W and TTR. This is an important discovery, as is the fact that the N-rate, R and V-rate variables play virtually no part at all. Figure 4 shows the plot of the discriminant function scores for the groups in which patients are represented by the symbol '1' and normal subjects by the symbol '2'. There is a small (non-significant) overlap but normals generally have negative discriminant scores and patients positive scores.
Most of the misclassified patients had their strokes many years ago and had made considerable recovery. In addition, most were superior in terms of their educational and professional background when compared to the other patients, for example NP5 (matron), SH21 (police officer), ML22 (academic), JY30 and SR53
(secretaries), DH36 (engineer) and DS50 (solicitor).
Individual Variable Analysis
The distribution-free Mann-Whitney test was used on individual variables to test the null hypothesis that there is no difference in location for the two populations (groups) from which our samples came. Tests were conducted on the patient group versus the combined normals group, and on the normal type-I group versus the normal type-II group. Table 5 summarises the results.
Using a 5% critical value we can see that five of the eight variables differ when testing type-I normals against type-II normals which is insufficient for an overall difference and supports the discriminant analysis result obtained earlier of 'no difference' between these populations in a multivariate sense. It is the tests of patients against combined normals which gives us the most exciting results. Here, six of the eight individual variables differ significantly and the two which don't (N-rate and Vrate) are two of the three variables which the discriminant analysis highlighted as playing virtually no part in discriminating between normals and agrammatic subjects.
Our results are mutually supportive.
Final Index of Performance (FIP)
The major attraction of producing a final index of performance (FIP) for the lexical ability of agrammatic patients is the ability to state improvement or performance comparisons in quantitative terms. It could easily be expressed on a percentile scale, for example we might say that "FIP improved by 10% over six months of therapy". A disadvantage would be that finer details are lost -information about which factors contributed more than others in that 10% improvement is concealed. For a broader view, the user will have to look at both the individual scores and the FIP. Kertesz and Poole (1974) propose an Aphasia Quotient (AQ) to classify patients. This has two main deficiencies: firstly, the measurements combined are made on tasks of very different natures, and secondly, although the tasks differ in their ease of performance they are not individually weighted. In this study, all the measurements are dependent on an important linguistic feature -word frequencies -and they therefore quantify lexical deficits and, to some extent, syntactical deficits. This implies that they may be combined.
It is proposed that the FIP be derived from the discriminant scores of the subjects. In this case the weightings would be the unstandardised discriminant function coefficients given in Table 6 .
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If ds denotes a discriminant score for a subject based on these weightings, then we may define the FIP by:
where 'min' is the minimum score obtained in our sample (-3.836 ) and 'range' is the range of discriminant scores obtained (7.225). All FIP values will lie in the (0 -100) range for our subjects but it will be theoretically possible for a (rather extreme) new subject to have an FIP value outside this range. Low scores will represent severely impaired patients (both in lexical and syntactic terms) whereas high scores will describe the very 'best' of normal speakers, possessing rich vocabularies. 
Conclusion
It appears that there is considerable variability in the conversational abilities of patients, who form a group distinct from normal subjects on the basis of the linguistic variables used. This study, therefore, successfully quantifies the severity of aphasic impairment on the basis of conversational performance. Patients with a higher degree of linguistic impairment appear at the tail-end of the final index of performance scale and those who have recovered considerably cross-over to the normal continuum on the scale.
The discriminant analysis carried out has been able to differentiate between patients and normal speakers at a statistically significant level. The groups were classified with more than 88% subjects correctly predicted. The analysis shows that Crate, A-rate, W and TTR are the most important variables and therapy should therefore take improvement in these features more seriously. Individual variable analysis using Mann-whitney tests supported the multivariate results.
We have used the discriminant scores to generate a final index of performance.
The index is useful for a comparative assessment of patients and is a direct reflection of the severity of linguistic impairment (as evident through conversation). It was found that the final index of performance did not correlate well with either the age or sex of a patient.
To test the claim that the index will measure recovery, one patient (PP25), a 53 year-old lady first recorded only fifteen days after having a stroke, was re-visited thirteen months later and interviewed again. It should be noted, here, that the other patients included in this study were not similarly re-tested since their recovery had stabilised by the time of the first interview and it would be clinically invalid to conduct further interviews to look for changes. Table 7 shows the scores computed for each variable on both visits. We can see the marked improvement on the P-rate, C-rate, W and R variables, in particular the reduction in C-rate showed that the patient had become better equipped to form longer phrases.
More importantly, the FIP had increased from 37.8 to 41.7, a considerable improvement considering the fact most patients score between 0 and 50 on the FIP scale.
Statistical quantification of aphasic speech is important for determining the severity of disorder, the rate of recovery and for planning therapy. The approach employed here can be used for quantifying both the degree of spontaneous recovery and the effect of therapy.
In summary, this paper has highlighted the usefulness of linguistic measurement of conversation with patients assessed and classified on the basis of their linguistic scores obtained through conversational tasks. The results presented strongly support the fluent-non-fluent classification scheme, showing for the first time how patients can be ranked on such a continuum using their conversational performance.
They also support the role of linguistic assessment based on word-frequency measurements in neurolinguistic studies. In addition, the results provide important advice for therapy, namely which linguistic features are more important than others and therefore need more immediate attention for improvement. ----+---------+---------+---------+---------+---------+--PC1 -7.5 -5.0 -2.5 0.0 2.5 5.0 
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